Introduction: Anatomy of the cervical vertebrae allows free flexion, extension, and rotation, which take place almost entirely in the first two cervical vertebrae. Variation in the articulation of upper cervical spine-like congenital fusion of the atlas to the base of the occiput, i.e., occipitalization of the atlas, is one of the common skeletal abnormalities. Such variations will produce irregular motion and at times a definite instability of the joint involved.
INTRODUCTION
Occipitalization is the congenital fusion of the atlas to the base of the occipital bone of the skull, an important malformation of the craniovertebral junction because of its proximity to the spinomedullary region. 1 Atlantooccipital fusion has been extensively dealt with in the literature by various craniologists and also known as occipitocervical synostosis, atlanto-occipital fusion, and atlas assimilation. It was first described by Rokitansky in 1844, and Schuller in 1911 demonstrated this anomaly on roentgen graphically. It was formerly described as "pro-atlas," as it was believed that an additional vertebra was incorporated between the atlas and the occipital bone. 2 The anomalies pertaining to the occipitocervical junction assume great clinical importance because of the presence of structures like vertebral artery, first cervical nerve, and posterior atlanto-occipital membrane related to posterior arch of atlas vertebra. Compression of these structures may compromise the blood flow to the brain and may cause neurological symptoms and abnormal posture of the head. 3 Fusion of the atlas with the occipital bone may favor dislocation of the atlas from the dens, or the fusion may be secondary to inflammation set up by the dislocation. 4 Atlanto-occipital fusion reduces the foramen magnum (FM) dimension resulting in muscle weakness, ataxia, and muscle wasting due to compression of spinal cord or the brain stem. 5 The onset of clinical symptoms can be sudden and precipitated by minor trauma and may also exist without any typical symptomatological presentation, but sudden death has also been reported in some cases. 6 Keeping this in mind, we report a case of atlanto-occipital fusion with emphasis on its embryological origin and review of literature.
One such specimen was found in a disarticulated skull in the Department of Anatomy in a tertiary care hospital and medical college, Amritsar. The condition of the bone clearly showed that it was nontraumatic and nonpathological. The specimen showed partial assimilation of the atlas with the occipital bone on the right and left sides. with the occipital condyles on the right and left sides. • The specimen showed no fusion of the transverse processes with the occipital bone on both the sides. • The foramen transversaria (FT) were seen to be incomplete on both the sides. • The inferior articular surfaces of atlas vertebra were oval in outline on the right side and irregular on the left side and converge anteriorly, directed laterally and downward on both the sides. • The anteroposterior diameter of the FM was 2.6 cm and seems to be reduced due to encroachment of the posterior arch. The transverse diameter (TD) was 2.4 cm, and average area was 5.92 cm 2 . The FM is about 3 cm wide by 3.5 cm anteroposteriorly. 7 Longitudinal diameter of the FM is the distance between basion and opisthion. Transverse diameter of the FM is the maximum distance between two lateral margins. 8 • Hypoglossal canal was observed on the left side and not on the right side, but instead multiple foramina were noted (Figs 1 and 2).
Manifestation of Atlanto-occipital Assimilation

Phylogenetic and Ontogenetic Basis
A considerable amount of attention has been drawn by various authors into this fascinating field of phylogenetic and ontogenetic research regarding the atlantooccipital fusion.
• According to Macalister, 9 two ossification centers appear, one just posterior to each of the lateral mass and transverse process that meet in the middle, posteriorly, usually by late in the fourth year of life. At about 6 months of age, ossification begins in the anterior part of atlas, generally by two closely approximated ossification centers, which usually unite within a few months of their appearance. Occasionally, there may be a single anterior ossification center. Ossification proceeds posterolaterally along both anterior and posterior arches, and fusion to the lateral masses takes place in the fifth year of life. A midline defect can result from the failure of fusion of the ossification centers either anteriorly or posteriorly. • The cartilages of the atlas and occipital bone are primarily united by a continuous tissue, characterized by large number of closely set nuclei. In cases of fusion of the atlas, this tissue does not break down to form a diarthrodial joint; thus, there is an arrest of the normal development of the arthrodial joints between the atlas and condyles. • The atlanto-occipital fusion results from faulty development between the occiput and the adjacent vertebra during the early embryonic weeks. Other malformations, which commonly occur with craniocervical fusion, are pseudo or true basilar impression, absence or malformation of the transverse ligament, hyperplasia of the dens, aplasia of the dens, and anomalies of the vertebral artery due to the absence or malformation of the foramen transversarium. 10 • The occipital bone is derived from the basioccipital (anterior to FM), exoccipital (lateral to FM), and supraoccipital portions (posterior to FM), laid down in chondrocranium around the FM. 11 The basiocciput goes on to develop into four occipital sclerotomes. In humans, the cranial half of the first cervical sclerotome fuses with the caudal portion of the fourth occipital sclerotome to form the proatlas; the proatlas is assimilated into the occiput to form the articular condyles and tip of the odontoid process, whereas 12 in some lower vertebrates (reptiles), the cranial half of the first cervical sclerotome, i.e., the proatlas, between the occiput and C1 vertebra remains as a separate bone. The caudal half of the first cervical sclerotome along with the cranial part of the second cervical sclerotome gives rise to the lateral masses and anterior and posterior arches of atlas vertebra and the odontoid process of the axis. The body disappears early, giving rise to all but the tip of the dens. 11 A paracondylar process represents vestiges of the cranial half of the first cervical sclerotome. This formation is referred to as a caudal shifting, where the occipital vertebra separates from the occiput. 12 If this normal segmentation fails to occur, atlanto-occipital fusion results. 11 Thus, the embryological reason for atlantooccipitalization is the failure to differentiate the fused caudal and cranial segments of the 4th occipital and first cervical sclerotome and lack of segmentation and separation between the loose and dense zones of first cervical sclerotome. 13
DISCUSSION
Occipitalization represents the most cephalic "blocked" vertebra encountered in the spine. 14 The incidence of atlanto-occipital fusion ranges from 0.14 to 0.75% of the population, with both sexes being equally affected. 2 Fusion of the atlas may be partial or complete, with the former being the most common as multiple variations of partial assimilation have been reported that may involve any aspect of atlanto-occipital articulation. Jayanthi et al 5 reported two cases of occipitalization with spina bifida of atlas. In the first case, there was complete fusion of only one transverse process with occipital bone and incomplete fusion of the anterior arch. In the second case, the anterior arch of the atlas was fused with the occipital bone. Nayak et al 15 reported a case of atlas assimilation showing that the two superior facets on the lateral mass were completely fused with the occipital condyles, and the anterior arch was incompletely fused with the basilar part. The posterior arch was also incomplete and was represented by two small projections from the two lateral masses. Hensinger 6 reported that the onset of clinical symptoms can be sudden and precipitated by relatively minor trauma, but death has also been reported. Lopez et al 16 24 reported a case of fusion with sudden death. The assimilation may reduce the FM and lead to neurological complication due to compression of the spinal cord. 25 According to Greenbery, 26 spinal cord compression always occurs when the sagittal spinal canal diameter behind the odontoid process is ≤14 mm. Cord compression is possible when the sagittal canal diameter is between 15 and 17 mm and almost never occurs with a diameter of 18 mm or more. With aging, the central nervous system may be less tolerant to repeated blows from the odontoid. The patient will be probably asymptomatic if the odontoid process is located below the level of FM. This relationship is best assessed through the use of McRae and Barnon line, which is drawn across the FM. It is a radiographic line drawn on a lateral radiograph of skull or sagittal section of computed tomography or magnetic resonance imaging, joining the anterior basion and posterior opisthion aspects of FM. Normal position of tip of dens is 5 mm below this line. Normally, the odontoid process should not project above this line. If tip of dens migrates above this line, it indicates the presence of basilar invagination, i.e., atlanto-axial impaction. 27 The skull bone we report here showed that the left lateral mass has been slightly protruding into FM, and TDs have appeared to be reduced.
Although atlanto-occipital fusion is a congenital condition, younger patients are commonly asymptomatic, and the onset of neurological symptoms is usually in the third or fourth decade of life. 5 This may be due to the instability with aging, gradual increase in the degree of ligamentous laxity about the odontoid process caused by repeated flexion and extension of the neck, leading to the compression of the spinal cord or actual indentation of the medulla oblongata. 28 According to McRae and Barnon, patients with occipitalization of the atlas may have the physical features like low hairline, torticollis, restricted neck movements, or abnormal short neck. The clinical findings in neurological examination may reveal neck pain, numbness, pain in the limbs, weakness, abnormal head posture, and posteriorly located dull aching headache. Cranial nerve findings associated may include tinnitus, visual disturbances, and lower cranial nerve palsies, leading to dysphagia and dysarthria. 27 To rule out atlanto-occipital fusion, the mentioned clinical features should be kept in mind as patients with Arnold-Chiari syndrome also present with the same clinical features. 29, 30 Research reports depict that the atlanto-occipital fusion is often associated with bony torticollis, and in the present case, we have found the tilting of atlas toward the right side, thereby giving rise to asymmetry of the skull base.
CONCLUSION
Thus the knowledge of assimilation may be of importance to neurosurgeons dealing with the neurological complications due to compression of spinal cord, orthopedic surgeons dealing with the pathologies of upper cervical spine, and anesthetists dealing with the cause of failure of cisternal puncture. Physiotherapists dealing with neck pain and radiologists dealing with the abnormalities of cervical spine must also be aware of this condition. Transverse process is a very important landmark for head and neck surgeons; when it is inclined and fused to occipital bone, there may be confusion in reaching various structures and may also lead to asymmetry in the shape and structure of apertures for passage of vessels and nerves around the FM. Therefore, the serious consequences of upper cervical manipulation with this type of osseous anomaly reflect the importance and need for a thorough clinical assessment and evaluation on every patient in day-to-day clinical practice.
